Pesticides such as organophosphate, organochlorine or carbamate compounds persist in the environment, and may cause adverse health effects such as oxidative injury, DNA damage, immunotoxicity, genotoxicity, neurotoxicity, cancer and birth defects. Pesticides are important source of reactive oxygen species leading to oxidative damage to all the vital macromolecules including lipid, protein and nucleic acid 1 . These chemicals have been considered potential chemical mutagens and cause DNA damage. Experimentally we have demonstrated the effect of pesticide on humoral and cell mediated immune responses in animals and human poisoning cases 2, 3 . Organochlorine compounds can act as 'xenoestrogen' and interfere with normal functioning of the endocrine system thereby increasing risk of reproductive disorders including preterm birth. Our recent study indicates 60-70% transfer rate of organochlorine pesticides from mothers to newborns and such high rate of transfer of pesticides is of great concern as it may adversely affect the growth and development of newborn. Recently we have also observed that exposure to endosulfan caused both apoptotic and necrotic cell death in PBMC as evaluated by fluorescent microscope in combination with Annexin V Cy3 binding and fragmentation assay due to pesticide induced oxidative stress. This is an important aspect of health considering the substantial persistence of the pesticides in the environment. The introduction of new, more toxic and rapidly disseminating pesticides into the environment and their potential hazards to human health are a major cause for concern especially in the developing countries. Pesticides and environmental chemicals induce oxidative stress, which may be an important mechanism for immunotoxicity of these compounds. Oxidative damage is a major contributor to the development of cancer, cardiovascular disease and neurodegenerative disorders. Antioxidant compounds defend against oxidative injury and are therefore believed to provide protection against various diseases. The effective role of vitamins, natural plant products and other chemicals in protection against pesticide-induced oxidative stress and damage has been a recent focus of attention in our laboratory. Oral vitamin E supplementation has been found to protect against oxidative stress in patients with polymorphous light eruption (PMLE). Lindane application in scabies patients results in oxidative stress and immunotoxicity, however incorporation of vitamin C and/or lycopene in the treatment protocol of the disease affords considerable protection. Lindane induced impairment of step-down passive avoidance and oxidative stress is reversed by the neurosteroids pregnenolone sulfate and 4-chlorodiazepeam in experimental animals. N-acetylcysteine and melatonin protect against propoxur induced oxidative stress and suppression of humoral immune response in rats. Nowadays considerable emphasis is placed on identifying the potential of natural plant products as chemopreventive agents in food that is consumed by the human population. Dietary ginger attenuates malathion as well as lindane induced oxidative stress in experimental animals. Extracts from several plants such as Withania somnifera, Azadirachta indica, Zingiber officinales Rosc and Phyllanthus embelica Linn (Amla) have been found to differentially reduce oxidative stress and immunotoxicity induced by phosphamidon, methyl parathion and propoxur. Studies on their individual and synergestic action are under progress in our laboratory. Ours results indicate that a broad spectrum of antioxidant and immunopotentiating effects can be achieved through an effective combination of functional foods such as ginger, amla, tomatoes (lycopene) etc which could be more cost effective than supplementation of individual antioxidants for protection against oxidative stress and immunotoxicity induced by chronic environmental exposure to pesticides. Organophosphate (OP) poisoning continues to be the major cause of morbidity and mortality in third world countries. They are currently responsible for more poisonings than any other single class of pesticides. In the developing countries over 3 million poisonings occur annually due to these pesticides, out of which 2,20,000 are fatal. The major mechanism for the action of these compounds is inhibition of acetylcholinesterase (AChE), leading to an increase in acetylcholine level in the synaptic cleft and hence producing both nicotinic and muscarinic signs and symptoms of intoxication in the peripheral and central nervous system. Humans exposed to low levels of OP agents in industrial or agricultural settings have reported difficulty in concentration as well as memory impairment, long after such an exposure has ceased. Agricultural workers tested about 2 years after a pesticide poisoning episode showed significantly lower performance in verbal and visual attention, memory, speed, sequencing and problem solving. Several consequences of chronic, low-level exposure to pesticides are not directly attributable to the accumulation of acetylcholine since tissue acetylcholinesterase activity returns to normal level in about 3 to 4 months, whereas the neurotoxic effects remain long after the cessation of OP exposure. Recently, we have demonstrated that low-level exposure to OP pesticides in rats impaired their cognitive functions without any significant effect on acetylcholinesterase activity, suggesting an alternative mode of action for OP pesticides after chronic low-level exposure. Details of our experience of low level OP exposure and it's neurobehavioral manifestations will be discussed.
Curriculum Vitae: Single cell gel electrophoresis assay is a unique electrophoretic technique developed by Ostling and Johanson in 1984 for assessing DNA breaks at single cell level. In this technique, which is an improvement over the nucleoid halo assay, cells are embedded in an agarose gel layered onto a microscopic slide and lysed under mild or high alkaline condition, exposing naked DNA mass of each individual cell entrapped in gel matrix. Mild electrophoresis is then performed, yielding the DNA to stretch into a comet like shape, hence popularly called the Comet Assay. The presence of DNA breaks results in increased stretching and relatively longer tails in the comets. This increase in tail DNA can be quantified using specialized imaging softwares or manually by measuring the comet dimensions under a microscope. Through its capability to detect DNA breaks, the Comet Assay can also be used for detection of DNA fragmentation that might be induced during the programmed cell death (Chandna S., Cytometry, 61A, 127-133, 2004) . In the present investigation, neutral comet assay involving detergent lysis has been utilized for detection of DNA fragmentation in BMG-1 human glioma cells and Sf9 insect cells exposed to etoposide, high radiation doses (for inducing programmed cell death) or hyperthermia (for inducing necrosis). Comparison with other parameters (PS-externalization and morphological features) was also carried out besides detection of DNA fragmentation by agarose gel electrophoresis. The study shows the ability of neutral comet assay for early and reliable detection of DNA fragmentation. Distribution of DNA in the head and tail regions of comets reflects systematic progression of fragmentation, with constantly increasing tail length and reducing head size. In addition to a systematic detection of various progressive stages of fragmentation, distinct shapes of comets could also identify the different modes of cell death, i.e., programmed cell death (PCD) and necrosis. Variation in the comet shapes from apoptotic and necrotic cells included difference in the size of centre-of-head, which was distinctly large in comet heads remaining after hyperthermic exposures. While the absolute tail length and comet length could vary depending on the potential gradient applied, apoptotic and necrotic comets show subtle variation in their length under similar electrophoretic conditions. Typical apoptosis and atypical PCD modes seem to result in similar comet shapes reflecting systematic progression of fragmentation. The ability of neutral comet assay to detect DNA fragmentation during PCD can hence be utilized both for basic research, as well as for clinical research and applications, e.g., monitoring or predicting chemotherapeutic drug response of tumour cells from biopsies or from in vitro studies with tumour cells, which can help individualize therapy. Since this technique reveals the proportion of cells undergoing apoptosis or necrosis, it is possible to monitor the kinetics of cell population response as well as to study the different modes of cell death being induced by a drug or chemical agent. The ease and simplicity of this technique make it a very useful tool for basic and clinical investigations.
